Closure Laws for Multiple-Group Model of Different Size
Bubbles : Coalescence (1/2)
The coalescence terms, , for the individual groups are :
The rate of coalescence between bubbles of group-i and group-j to form a group-k bubble is given by f ij represents the frequency of collisions between group-I and group-j bubbles P ij is the relative probability of coalescence; a typical estimated range is:
for small bubbles coalescence 0.4 < P sb,sb <0.8 for small-to-large bubble coalescence 0.1 < P sb,lb <0.4 
... The surface corresponding to the intersection is represented by the shaded area.
Another approach can also be used, based on directly using a discrete combinatorical method. Both approaches lead to same results. The present coalescence model allows for bubble repartition with respect to three or more groups of bubble sizes.
Closure Laws for Multiple-Group Model of Different-Size Bubbles : Breakup (1/2)
The breakup terms, , for the individual groups are:
The rate of breakup of large bubbles to form smaller bubbles is f br,k->i represents the frequency of bubble breakup [ 
, (k=1,2, and 3) 
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